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New Physics!

* The baryon asymmetry of the Universe
* The cosmological evidence of Dark Matter

+ The existence of neutrino masses
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Neutrino Data
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Neutrino mixing?

* Why are the values in the neutrino mixing
matrix so close to exact values?

« Is it possible to start from an exact symmetry
and make deviations?

* What is the explanation to these deviations?
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Neutrino mixing!

* An exact mixing matrix ( i.e tribimaximal, bimaximal,
democratic, etc.) can be accomplished by using the
Weinberg operator at one-loop level.

+ With the addition of only one more particle to the
model, one can generate a two-loop diagram that is
naturally surpassed and explains the deviations.
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Weinberg d=5 operator




One-loop masses
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Two-Loops
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T'wo-loop Integral
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T'wo-loop Integral
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T'wo-loop Integral
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T'wo Loop solved integral
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The mixing matrix
originates from the
Yukawas, while the mass
scale comes from the loop
integral.
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T'BM Yukawa
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T'BM Yukawas examples
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~The model

* SM(H, L)

+ One scalar doublet (S 2), Y=1

* One scalar singlet (S_1), Y=0
* Three heavy Fermions (F_i), Y=0
+ Zp Symmetry
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/5 symmetry

Avoid FCNC ( Scalar doublet needs to have
different Z, than the Higgs, or terms in the
potential (i.e V= H'HH'S; or V= 5,S,S,"H) are
possible)
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Avoid FCNC ( Scalar doublet needs to have
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potential (i.e V= H'HH'S; or V= 5,S,S,"H) are
possible)

Forbid Dirac masses (i.e. Seesaw)

DM candidate
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Some math
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Approximations
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Some plots
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DM candidates?

\I( Fi X Fi Y

Smallest of F; can be DM candidate or
smallest between Si1 or S> can DM candidate
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*“Ugly” neutrino mixing, can be
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+» DM
+ CP violation

+ Sterile neutrinos

+Quarks



